Abstract: Changes in compulsory schooling laws have been proposed as an instrument for the endogenous choice of schooling. It has been argued that raising minimum schooling exogenously increases the educational attainment of a subset of pupils without directly affecting later life outcomes such as income or health. Using the method of Huber and Mellace (2015) and data from the Survey of Health, Ageing and Retirement in Europe, we jointly test random instrument assignment, weak monotonicity of education in the instrument, and the instrument exclusion restriction. The satisfaction of these restrictions permits identifying the local average treatment effect of education on those choosing more schooling as a reaction to the law change. Our results do not point to the invalidity of the schooling law instrument, though we acknowledge that even asymptotically, testing cannot detect all possible violations of instrument validity.
Introduction
To evaluate the effects of education on later life outcomes, a vast literature aims at tackling the potential endogeneity of schooling decisions by instrumental variables (IV), see for example Angrist and Krueger (1991) . A valid IV causes exogenous variation in education without influencing the outcome other than through education. Harmon and Walker (1995) , Oreopoulos (2006) , and others exploit changes in compulsory schooling laws (CSL) as an arguably valid IV, as they imply a shift in minimum years of school attendance that seems orthogonal to the characteristics of the individuals targeted by the policy. Analysis typically compares the schooling decisions and outcomes of adjacent cohorts that are either affected or unaffected by changes in CSL. However, cohort specific effects on the outcomes of interest may jeopardize IV validity, in particular when the number of cohorts used in the IV approach is non-negligible.
To provide statistical insights on the IV validity of CSL, we jointly test random instrument assignment, monotonicity of education in the instrument, and the instrument exclusion restriction by applying the method of Huber and Mellace (2015) to data from the Survey of Health, Ageing and Retirement in Europe (SHARE). 1 These assumptions are necessary for identifying the local average treatment effect (LATE) on those who change their schooling decision in reaction to a change in CSL, the so-called compliers in the denomination of Angrist, Imbens, and Rubin (1996) . Considering health-and income-related outcomes as well as various numbers of cohorts, the test does not provide evidence for the invalidity of the instrument. As a word of caution, we acknowledge that even asymptotically, the approach of Huber and Mellace (2015) cannot detect all possible violations of IV validity when the complier share is larger than zero. 2
The remainder is organized as follows. Section 2 briefly reviews the testing approach of Huber and Mellace (2015) . Section 3 describes our data. Section 4 presents the testing results.
Testing approach
We assume a binary treatment D (D = 1: attaining or exceeding a particular level of education vs. D = 0: not attaining this level), whose impact on outcome Y (health or income) is of policy 1 interest. Z is the supposed instrument (Z = 1: exposed to CSL reform vs. Z = 0: not exposed).
Denote by D(z) the potential treatment state for instrument Z = z, and by Y (d) the potential outcome for treatment D = d (see Rubin, 1974 , for a discussion of the potential outcome notation).
The population can be categorized into four types (denoted by T ∈ {a, c, d, n}) as function of the potential treatments, see Angrist, Imbens, and Rubin (1996) is obtained by the probability limit of two stage least squares:
, 1} and t ∈ {a, c, n} (mean exclusion restriction);
(2) Pr(T = d) = 0 (monotonicity); (3) Pr(T = t|Z = 1) = Pr(T = t|Z = 0) for t ∈ {a, c, n} (unconfounded type); (4) Pr(T = c) > 0 (existence of compliers). Huber and Mellace (2015) show that under Assumptions (1)- (3), it must hold that 3 
lie within the latter bounds, otherwise the assumptions are necessarily violated. An analogous result applies to the mean potential outcome of never-takers under non-treatment. Any procedure suitable for testing multiple moment inequalities could be used for verifying (1), for instance the method by Chen and Szroeter (2014) . Table 1 is based on Brunello, Fort, and Weber (2009) We pool the data from the seven countries and define the binary treatment variable D to be one if an individual attains the expected minimum ISCED level after the respective CSL reform or a higher degree, and zero otherwise. For example, for an individual from Austria the treatment is one if she attained at least ISCED 2 and zero in the case of ISCED 1, while for Denmark, the treatment is one for individuals attaining at least ISCED 3 and zero otherwise. 5
For the construction of the instrument Z, we make use of adjacent cohorts not yet exposed to 4 Although present in the first panel wave, the following countries were excluded: 1) Belgium, because its reform of 1983 did not affect any individual in the first wave of SHARE; 2) Germany and Switzerland, since they did not experience a single national schooling reform; 3) Sweden, because it lacks variation in the treatment variable to be defined; 4) Israel, as its schooling reform of 1968 was only partially implemented.
5 A striking feature in the data is that there exist untreated individuals who did receive the instrument, i.e. never-takers. In our CSL setting, such individuals should not exist if those laws were strictly enforced. One reason for their occurrence may be gradual implementation of the policy over time. For example, complete implementation of Italy's reform of 1963 was, according to Brunello, Fort, and Weber (2009) , not immediate, but took 13 years. Our data confirms gradual compliance. Based on the sample for the outcome income, we find for Italy that among the pivotal and the following cohort there is a 18% share of never-takers. The share drops to 12% in the two following cohorts and 7% in the following four cohorts. the respective CSL reform, for whom Z is zero, and exposed to the reform, for whom Z is one.
In the analysis, we consider three different symmetric data windows around the point when the respective reform came into force. The smallest window contains four cohorts: the two cohorts prior to the pivotal cohort, the pivotal cohort, and the following cohort. Likewise, a mediumsized window with a total of eight cohorts and a large window with sixteen cohorts is chosen. We apply the test to six health-and income-related outcomes Y : frequency of alcoholic beverages consumed during the last 6 months measured on a scale from 0 (not at all) to 6 (almost every day), BMI, number of doctoral visits in the last 12 months, self-reported health measured on an scale from 1 (poor) to 5 (excellent), labor earnings in euros in 2003, and pooled income in euros from earnings and pensions in 2003. Our evaluation samples based on the various cohorts only contain individuals without missing values in the treatment, the instrument, and the respective outcome. Furthermore, individuals who had immigrated to the respective countries at the age 11 or later are dropped, as they might not have been affected by the reform. Separately by outcomes and the number of cohorts, Table 2 reports the number of observations ('obs'), the empirical range of values in the outcome ('range Y '), the share of treated ('av D'), and the share of instrumented individuals ('av Z'). An implication of the age distribution in the first wave of SHARE is that our samples are skewed towards an increasingly smaller fraction receiving the instrument as more cohorts are included.
The fraction receiving the instrument is approximately 46% when using 4 cohorts. This share drops to around 36% for 8 cohorts and to approximately 25% for 16 cohorts. 6 We also note that the contribution of the seven countries to our samples is not uniform. Observations from Austria, France and Italy account for approximately 92% of observations in our samples, with each having a share of between 23% to 37% depending on the three sample sizes. 7
The testing results are presented in Table 3 , in separate panels for different numbers of not affected (i.e. earlier) and affected (i.e. later) cohorts to be included in the analysis: +/-2 cohorts around the change in CSL, +/-4 cohorts, and +/-8 cohorts. The column 'outcome' contains the outcome variables for which (1) is tested, while 'obs' reports the number of observations. 'first'
gives the first stage effect of Z on D, which is an unbiased estimate of the complier share if the LATE assumptions hold. We note that the first stage effect is statistically significant at the 5% level in any scenario considered. The last column 'p-val' provides the p-value when implementing the test based on the method by Chen and Szroeter (2014) and 999 bootstrap replications, see Huber and Mellace (2015) for details. We see that for any outcome and sample specification, the p-values are far from any conventional level of significance. This even holds for the smaller first stages obtained under a smaller number of cohorts, which ceteris paribus imply more narrow bounds in (1) and thus, a higher asymptotic power of the test. We therefore conclude that we find no statistical evidence for a violation of the CSL instrument in the SHARE data, but point out that even asymptotically, such tests cannot detect all potential violations of Assumptions
(1)-(3) if the complier share is positive (i.e., Assumption (4) holds). Rubin (1996) : "Identification of Causal Effects Using Instrumental Variables," Journal of American Statistical Association, 91, 444-472 (with discussion). our samples also contain observations under the age of 50, as spouses of eligible respondents are included in the data set. However, their numbers are substantially lower and generally decrease in the year of birth. These spouses are predominantly female, causing an over-representation of women in particular in countries with relatively late reforms. For instance, 58% of our respondents in the BMI sample with 16 cohorts are female and 61% of the subsample receiving the instrument are female. However, countries with late reforms do not contribute importantly to our samples.
